Our novel findings using our Donor Rat Model indicate that bile-pancreatic juice exclusion induces MAP kinase activation and exacerbates cell stress and inflammation in this experimental model of gallstone pancreatitis.
Introduction
Gallstones are the commonest cause of acute pancreatitis worldwide. Using an original surgical model, The Donor Rat Model, we previously showed that duodenal replacement of bile-pancreatic juice achieves substantial amelioration of pancreatic morphologic changes and hypercholecystokininemia in early ligation-induced acute pancreatitis [1, 2] . Understanding the mechanism of activation of pro-inflammatory pathways is fundamental to the elucidation of early events in disease pathogenesis [3] [4] [5] [6] [7] [8] . Activation of mitogen-activated protein (MAP) kinases, translocation of transcription factors, such as nuclear transcription factor kappa-B (NF B), and increased cytokine production are implicated in disease pathogenesis [4, [9] [10] [11] . We hypothesize that bile-pancreatic juice exclusion from gut activates stress kinases that induce production of pro-inflammatory mediators in ligation-induced acute pancreatitis [2] . In support of this hypothesis, we have previously shown that duodenal bile-pancreatic juice replacement from a donor rat ameliorates duct ligation-induced activation of p38 MAP kinase, limits nuclear translocation of NF B, and attenuates overproduction of tumor necrosis factor-␣ (TNF-␣ ), IL-6 and chemokines in the pancreas [12] [13] [14] .
Since MAP kinases often work in a synergistic manner, we extend our observations in the present study to investigate the MAP kinases c-Jun NH 2 -terminal kinase (JNK) and extracellular signal-regulated kinase (ERK) and the cytokines interleukin-1 ␤ (IL-1 ␤ ) and IL-12 in the pancreas using the same model. Here, we study the effect of bile-pancreatic juice replacement on activation of JNK and ERK and production of IL-1 ␤ and IL-12 in the pancreas after duct ligation. Our results show that bile-pancreatic juice replacement subdues JNK and ERK activation, and cytokine overproduction, in ligation-induced acute pancreatitis. Our findings support our central hypothesis that bile-pancreatic juice exclusion from the gut exacerbates acinar cell stress and acute inflammation in this experimental model of gallstone-induced acute pancreatitis. We also performed in vitro studies to evaluate the role of ERK2 in modulating NF B activation in the AR42J rat exocrine pancreatic tumor cell line.
Materials and Methods

Materials
Rabbit polyclonal antibodies against total JNK (Catalog No. 9252) and phospho-JNK (pThr183/pTyr185; Catalog No. 9251) were purchased from Cell Signaling (Danvers, Mass., USA). HRPconjugated anti-rabbit IgG secondary antibody was purchased from New England Biolabs (Beverly, Mass., USA). [ 32 P]-ATP (3,000 Ci/mmol) was purchased from Perkin Elmer Life Sciences/ NEN (Woodbridge, Ont., Canada). Recombinant human c-Jun protein (Catalog No. sc-4113) was purchased from Santa Cruz Biotechnology (Santa Cruz, Calif., USA). Enhanced chemiluminescence (ECL) immunoblot detection reagents were from GE Healthcare Lifesciences (Piscataway, N.J., USA). The commercial Biosource ELISA kits for assay of total ERK1/2, phospho-ERK1/2, IL-1 ␤ , and IL-12 (Catalog Nos. KHO 0081, KHO-0091, KRC 0011, and KRC 2371, respectively) were purchased from Invitrogen Corporation (Carlsbad, Calif., USA). AR42J cells and the F12K cell culture medium were purchased from the American Type Culture Collection (ATCC, Manassas, Va., USA). The recombinant adenoviral vector containing the dominant negative form of human ERK2 (DN ERK2; the dual phosphorylation site T202/ Y204 mutated to A202/F204) was purchased from Cell Biolabs, Inc. (San Diego, Calif., USA; Catalog No. ADV 113). Adeno-NF B-luciferase was purchased from the University of Iowa Vector Core Facility [15] . The Luciferase Assay Reagent was purchased from Promega Corporation (Madison, Wisc., USA; Catalog No. E1501). Cholecystokinin-8-sulphide (CCK-8S) was purchased from Sigma Chemicals (St. Louis, Mo., USA). Rat recombinant TNF-␣ protein (rTNF-␣ ) was purchased from R&D Systems Inc. (Minneapolis, Minn., USA; Catalog No. 510-RT-010).
Animal Surgery and Specimen Collection
The University of Iowa Institutional Animal Care and Use Committee approved the experimental protocols described here prior to commencement of the study. We purchased male SpragueDawley rats (250-325 g) from Harlan Sprague-Dawley, Inc. (Indianapolis, Ind., USA). We performed midline laparotomy under general anesthesia induced with ketamine hydrochloride (87 mg/ kg), xylazine hydrochloride (13 mg/kg), and acepromazine maleate (1 mg/kg) that were administered subcutaneously. Six rats were studied in each experimental group at each time point. In diseased-controls, the distal bile-pancreatic duct was ligated at its junction with the duodenum. In the diseased-treated group, duodenal replacement of bile-pancreatic juice was begun via a duodenal fistula beginning immediately before distal bile-pancreatic duct ligation ( fig. 1 ), as described previously [2, 12] . Briefly, bilepancreatic juice was obtained fresh from a donor rat that was prepared with a bile-pancreatic fistula, collected in a liquid-level photodetector, and instilled into the duodenum of diseased-treated rats using a peristaltic pump . In sham-operated controls, the distal bile-pancreatic duct was dissected but not ligated. The rats were euthanized after 1 or 3 h, the pancreas was excised and snapfrozen in liquid nitrogen, and then stored at -80 ° C until processed. Pancreatic homogenates prepared from the stored frozen specimens were analyzed as follows: (1) immunoblots using phospho-specific JNK antibody and beta-actin antibody, (2) immunecomplex kinase assay for JNK using c-Jun as substrate, and (3) ELISA for total ERK, phospho-ERK, IL-1 ␤ and IL-12. In diseased-treated rats (Recipient Rat) the distal bile-pancreatic duct was ligated and bile-pancreatic juice was instilled via a duodenal fistula beginning immediately before duct ligation. Bile-pancreatic juice was obtained fresh from a donor rat (that was prepared with a bilepancreatic fistula) and donated to a recipient rat using a liquidlevel photodetector and peristaltic pump.
Immunoblotting
Western blotting was performed as previously described [16] . Pancreatic tissue was collected, portions were homogenized in 10 m M Hepes buffer (10 m M HEPES, pH 7.5, 250 m M sucrose, 1 m M EGTA, 1 m M EDTA), and the soluble fraction was collected by centrifugation at 15,000 g . Total soluble protein was measured using the Bradford method (Bio-Rad, Hercules, Calif., USA) according to the manufacturer's instructions. Sample aliquots containing 40 g of total protein were denatured in SDS-sample buffer (62.5 m M Tris, pH 6.8, 2% w/v SDS, 10% glycerol, 50 m M DTT, 0.1% w/v bromophenol blue), electrophoresed with a 4-20% gradient SDS-polyacrylamide gel (BioRad, Hercules, Calif., USA), and transferred to a nitrocellulose membrane. Protein blots were probed with specific primary antibodies (1: 1,000 v/v) and developed using the appropriate secondary antibody conjugated to horse-radish peroxidase (HRP) (1: 2,000 v/v). The blots were developed using the ECL method according to manufacturer's instructions. Blots were also probed with anti-␤ -actin antibody to evaluate sample loading.
Immunoprecipitation
Immunoprecipitation was carried out as described earlier [17] . In brief, tissues were extracted with a lysis buffer consisting of 1% Triton X-100, 50 m M Tris-HCl (pH 7.5), 100 m M NaCl, 50 m M NaF, 0.1 m M sodium vanadate, 1 m M benzamidine, 1 m M PMSF (phenyl methane sulfonyl flouride), and 10 g/ml each of aprotinin, leupeptin, chymostatin, pepstatin A and antipain. Protein estimations were carried out using a commercial kit for the modified Lowry's method (Pierce Biotechnology, Rockford, Ill., USA). Tissue extracts were centrifuged at 12,000 rpm for 15 min to collect the supernatants. Aliquots of clear supernatants containing 500 g total protein in 1 ml lysis buffer were incubated with 2 g of specific JNK or ERK antibody overnight at 4 ° C followed by an additional incubation with 20 l of a 50% suspension of protein G-agarose for 1 h at room temperature. The insoluble immune complex was collected and washed three times by brief centrifugations prior to immune complex kinase assay.
Immune Complex Kinase Assay JNK was immunoprecipitated from tissues as described above, and followed by two additional washes with a kinase assay buffer prior to immune complex kinase assay. The assays were carried out as described earlier [17] , in a total reaction volume of 20 l containing 100 m M Tris-HCl, pH 7.0, 0.4 m M sodium ortho vanadate, 40 m M magnesium acetate, 1 m M dithiothreitol, and 30 M calmidazolium, 10 l of JNK immune complex, 2 g of kinase substrate (c-Jun), 100 M [r-32 P]-ATP (200 cpm/pmol), and incubated at 30 ° C for 10 min. The reaction was stopped by addition of SDS-PAGE sample buffer, boiled for 2 min, centrifuged, and the supernatant was subjected to SDS-PAGE followed by autoradiography.
ELISA
Portions of pancreas were homogenized and total protein estimation of the soluble fraction was performed as in our immunoblotting technique described above. Total ERK, phospho-ERK, IL-1 ␤ and IL-12 levels were measured in the soluble fraction of pancreatic homogenates using a commercial kit as per the manufacturer's instructions (Biosource, Inc., Camarillo, Calif., USA; Catalog No. KRC 3013).
In vitro Studies
We studied the effect of expressing the dominant negative (DN) form of ERK2 on CCK-or recombinant tumor necrosis factor-␣ (rTNF-␣ )-stimulated NF B activation in AR42J cells. Using a promoter construct driven only by NF B (adeno-NF B-luciferase vector) [15] , we infected AR42J cells with a replication-deficient adenoviral vector containing either an empty vector or a DN-ERK2 expression vector. AR42J cells were thawed according to the manufacturer's instructions and grown in F-12K medium containing 20% non-heat-inactivated fetal bovine serum incubated at 37 ° C with 5% carbon dioxide and 95% air. In addition to adeno-NF B-luciferase vector infection (5 MOI), we infected one million AR42J cells per well for 48 h with 5 MOI of a replicationdeficient adenoviral vector containing either an empty vector or a DN-ERK2 expression vector. After 48 h, the cells were stimulated with 10 M CCK-8S for 16 h or 1 ng/ml rTNF-␣ for 6 h. Nonstimulated but infected cells were used as controls. After one wash with phosphate-buffered saline, the cells were harvested using the Luciferase Assay Buffer and luciferase activity was measured on a Sirius single tube liminometer (Zylux Corporation, Oak Ridge, Tenn., USA). The relative luminescent units (RLU) of luciferase activity were normalized to the protein concentration of each sample (Bradford protein assay; Bio-Rad, Hercules, Calif., USA) prior to comparison between groups (n = 3 wells/group).
Statistical Analysis
SigmaStat software (www.spss.com; SPSS Inc., Chicago, Ill., USA) was used for statistical analysis. One-way ANOVA was used for analysis of ELISA data; six rats were studied in each experimental group at each time point and results expressed as mean 8 SEM. p ! 0.05 was considered statistically significant.
Results
We assessed the degree of acinar cell stress in pancreata of rats from our experimental groups by evaluating activation of the MAP kinases JNK and ERK. Immunobotting of phospho-JNK and immune-complex kinase assay of JNK in pancreatic homogenates ( fig. 2 ) show that 1 or 3 h of duct ligation are associated with JNK activation compared to sham controls, confirming our previous findings in experiments performed in a different set of rats [9] . Duodenal bile-pancreatic juice replacement in the diseased-treated group shows noticeable limitation in JNK activation after duct ligation. The immune complex kinase assay, which is more sensitive than the immunoblot technique to evaluate JNK activation, shows marked and time-dependent increases in JNK activation after 1 and 3 h of duct ligation, compared to sham controls. Equal loading of the protein samples was confirmed by an immunoblot for E-actin.
The changes in ERK activation measured by ELISA of phospho-ERK in pancreatic homogenates after duct ligation with and without enteral replacement show a similar pattern of changes as seen with JNK activation. Essentially, the increases in ERK activation after 1 or 3 h of duct ligation are substantially limited by enteral replacement therapy ( fig. 3 ). In addition, increases in phospho-ERK are not associated with corresponding increases in total ERK, indicating that the increases are due to phosphorylation (activation) of pre-existing ERK rather than a mere secondary effect of total ERK induction. Furthermore, ERK activation at 3 h of duct ligation is significantly greater than at 1 h.
Pancreatic morphological changes following 1-3 h of duct ligation are generally not sufficient to compare differences between experimental groups. Therefore, we used pancreatic IL-1 ␤ and IL-12 production as parameters of the severity of acute inflammation in the present study. Compared to sham-operated controls, 1 or 3 h of duct ligation results in increases in pancreatic IL-1 ␤ and IL-12 concentrations, consistent with development of acute pancreatic inflammation in our model ( fig. 4 ) . Furthermore, a progressive increase in IL-1 ␤ and IL-12 production is seen after 3 h of duct ligation compared to 1 h of ligation. In diseased-treated rats, duodenal replacement of bile-pancreatic juice is associated with amelioration of acute pancreatic inflammation as evidenced by diminished pancreatic IL-1 ␤ and IL-12 concentrations.
As MAP kinases have been shown to regulate the expression of pro-inflammatory cytokines at the level of transcription via modulating the activation of NF B in several cell types [11, 18] , we evaluated the role of ERK2 in modulating transcriptional activity of NF B in AR42J cells ( fig. 5 ) . Stimulation of native TNF-␣ or CCK-A receptors promotes a significant increase in NF B-dependent gene expression, as measured by luciferase activity, in AR42J cells infected with the adeno-NF B-luciferase vector as compared to those infected with the empty vector. In both unstimulated and CCK-or TNF-␣ -stimulated cells, expression of DN-ERK2 significantly abrogates NF B-dependent luciferase activity. In CCK-or TNF-␣ -stimulated cells that express DN-ERK2 the luciferase activity is either below or similar to that of unstimulated controls. These findings indicate that inhibition of ERK2 attenuates TNF-␣ -or CCK-stimulated transcriptional activity of NF B in AR42J cells. These findings support the view that ERK regulates the activation of proinflammatory transcription factors, such as NF B, in pancreatic exocrine cells [11, 19] . 
Discussion
We present new evidence that bile-pancreatic juice exclusion from gut plays a prominent role in the mechanism of activation of pro-inflammatory pathways during the early phase of ligation-induced acute pancreatitis in rats. The results of our studies show that ligation of the distal bile-pancreatic duct, which excludes bile-pancreatic juice from the gut, is associated with activation of JNK and ERK, which enhances the overproduction of the cytokines IL-1 ␤ and IL-12 in the rat pancreas. Using our Donor Rat Model, we show that pancreatic JNK and ERK activation, and the associated IL-1 ␤ and IL-12 overproduction, seen after duct ligation are substantially subdued by enteral replacement of bile-pancreatic juice. Our findings indicate that, during the early phase of ligationinduced acute pancreatitis in rats, enteral exclusion of bile-pancreatic juice augments MAP kinase activation and cytokine production and, thus, exacerbates acute inflammation of the pancreas ( fig. 6 ).
In the present study, we also show that CCK and TNF-␣ activate NF B in AR42J cells. Our results indicate that ERK regulates NF B-dependent gene expression in AR42J cells stimulated with CCK or TNF-␣ . These findings provide corroborative evidence that ERK activation potentially promotes activation of pro-inflammatory pathways in pancreatic exocrine cells when stimulated by G protein-coupled receptor agonists such as CCK or by cytokines. Our in vitro observations corroborate our in vivo findings, as bile-pancreatic juice exclusion is associated with substantial hypercholecystokininemia and as ligation-induced acute pancreatitis is associated with increased pancreatic production of cytokines. Therefore, AR42J cells provide a suitable model to investigate NF Bdependent gene expression mechanistically prior to performing detailed in vitro studies in isolated pancreatic acinar cells or in vivo studies in experimental models of pancreatitis.
Gallstone pancreatitis is common and is potentially fatal [3, 20, 21] . As the clinical investigation of early events in the pathogenesis of gallstone pancreatitis is not practical, we must rely upon experimental models to explore the earliest acinar cell events that exacerbate acute pancreatic inflammation [1, 22] . Specific treatment strategies for gallstone pancreatitis are lacking due to the fact that several salient events in disease pathogenesis are not well understood [1, 21] . Our experimental model of duct ligation in rats is a useful means to investigate early events in the pathogenesis of gallstone pancreatitis [1, 2, 23] . Ligation of the distal bile-pancreatic duct in rats obstructs the duct, excludes bile-pancreatic juice from the gut, and induces acute pancreatitis [1, 24] . Enteral exclusion of bilepancreatic juice results in increased acinar cell stimulation via neurohormonal pathways [25] . In a series of experiments using the Donor Rat Model, we have presented evidence that the combination of acinar cell hyperstimulation and duct obstruction exacerbates acute inflammation of the pancreas. In an earlier study, we showed that duodenal replacement of bile-pancreatic juice achieves substantial amelioration of pancreatic morphologic changes, hyperamylasemia, and hypercholecystokininemia in early ligation-induced acute pancreatitis [1] . Subsequently, we showed that trypsin and Na-taurocholate are the key components of bile-pancreatic juice in rats that exacerbate ligation-induced acute pancreatitis when excluded [24] . We also showed that the CCK-A receptor and the cholinergic receptor on acinar cells participate in the neurohormonal hyperstimulation of acinar cells that exacerbates acute pancreatitis in this experimental model [14, 24, 25] . We then explored the hypothesis that the combination of acinar cell hyperstimulation and duct obstruction activates acinar cell stress kinase pathways that are capable of inducing pro-inflammatory cytokine production in the pancreas. We have recently shown that increased activation of p38 MAP kinase and overproduction of TNF-␣ in the pancreas after duct ligation are markedly diminished by duodenal bile-pancreatic juice replacement from a donor rat [12] . In the present study, we show that the increased activation of JNK and ERK and the increased production of pro-inflammatory cytokines in the pancreas after duct ligation are similarly diminished by duodenal bile-pancreatic juice replacement. Taken together, the results of our studies support our central hypothesis that enteral exclusion of bile-pancreatic juice activates signaling intermediates that exacerbate gallstone pancreatitis [2] . Our Donor Rat Model is a useful experimental model to investigate the mechanisms by which the enteral response to bile-pancreatic juice exclusion exacerbates duct occlusion-induced acute pancreatitis [1, 2, 12, 25] .
MAP kinases such as JNK, ERK, and p38 can be activated by G protein-coupled receptor stimulation (e.g. CCK-A receptor, cholinergic receptor) and are capable of inducing pro-inflammatory cytokine production at the transcriptional level by activating transcription factors such as NF B [26, 27] . Our working hypothesis is that in ligation-induced acute pancreatitis in rats, bile-pancreatic juice exclusion from gut stimulates acinar cell G protein-coupled receptors via neurohormonal pathways and thus activates the MAP kinase ] transcription factor activation ] cytokine signal transduction pathway resulting in acinar cell hyperproduction of pro-inflammatory cytokines [2, 11] . The transcription factor NF B is situated in the cytoplasmic compartment of quiescent cells and is complexed with its inhibitory protein I-kappaB (I B) [18, 28] . Transcriptional regulation via NF B pathway activation involves a complex series of events. The cytosolic I B/NF B complex dissociates when I B is phosphorylated. Phosphorylation of I B causes I B degradation [18, 29] , dissociation of the cytosolic I B/NF B complex, nuclear translocation of NF B, and the transcriptional upregulation of several inflammatory mediators. NF B induces the nuclear transcription of pro-inflammatory messengers such as cytokines, chemokines, adhesion molecules, and inducible effector enzymes [18, 19] .
Investigations in experimental models have shown that the overproduction of cytokines in the pancreas occurs within the first 30 min after the onset of acute pancreatitis [5] . The morbidity and mortality of acute pancreatitis is in large part related to exocrine pancreatic overproduction of cytokines. Studies in human and experimental acute pancreatitis have underlined the central role of IL-1 ␤ and TNF-␣ in the initiation, maintenance, and propagation of acute pancreatic inflammation and in the systemic spread of inflammation to major organ systems [5] . The induction of IL-1 ␤ and TNF-␣ is followed by a local exacerbation of pro-inflammatory mediator production. Release of these inflammatory mediators into the general circulation manifests as a systemic hyperinflammatory state characterized by multiple organ dysfunction that is potentially fatal [4, 5] . Therefore, elucidation of the mechanism of increased cytokine production in the early phase of acute pancreatitis is of crucial clinical relevance. We have elucidated certain pathogenic mechanisms involved in cytokine production within the pancreas after duct ligation. Our findings underline the importance of the enteral response to bile-pancreatic juice exclusion in contributing to increased pancreatic IL-1 ␤ , IL-12, TNF-␣ , and IL-6 production during the early phase of duct occlusion-induced acute pancreatitis [12, 14] . Furthermore, IL-1 ␤ and TNF-␣ produced by acinar cells stimulate their respective cell surface receptors on acinar cells in an autocrine and paracrine fashion and thus further propagate the activation of signaling pathways that augment the production of acute inflammatory mediators [5, 10, 26, 30] . This results in a self-propagating inflammatory loop with consequent amplification of the initial inflammatory response.
The MAP kinases are a family of protein kinases that play an important role in intracellular signal transduction. However, the precise part they play in the pathogenesis of acute pancreatitis remains to be elucidated [27] . The importance of defining the role of MAP kinases in gallstone pancreatitis pathogenesis is emphasized by our finding that bile-pancreatic juice exclusion from gut augments the activation of ERK, JNK, and p38 in duct ligation-induced acute pancreatitis in rats. A few recent studies have investigated the role of MAP kinase pathways in acute pancreatitis pathogenesis. These reports by other investigators were mainly in the lethal rat model of retrograde ductal infusion of bile salts, the pancreatic necrosis model of CDE diet-induced acute pancreatitis in mice, and the non-lethal model of acute edematous pancreatitis caused by supramaximal doses of CCK analog caerulein [4, 9, 10, 27, [31] [32] [33] [34] [35] [36] . Whether p38 may exacerbate acute pancreatic inflammation or protect against it remains an area of controversy in view of contradictory findings by different groups of investigators. One group reported that p38 inhibition exacerbates caerulein-induced acute pancreatitis in rats, suggesting that p38 may have a protective rather than detrimental role [33] . In contrast, most reports support the view that p38 MAP kinase activation exacerbates acute pancreatitis [4, 31, 36, 37] . Inhibitors of JNK (CEP 1347) and ERK (U0126, PD98059) signaling pathways have been reported to ameliorate caerulein-induced acute pancreatitis in rats [33] [34] [35] . In a recent in vitro study using rat pancreatic fragments, we showed that specific inhibitors of ERK, JNK, and p38 significantly subdued caerulein-stimulated activation of the corresponding MAP kinase and attenuated production of IL-1 ␤ and TNF-␣ [38] .
Over the past decade, several investigators have used the AR42J rat exocrine pancreatic tumor cell line to investigate signaling mechanisms that may show parallels with the pancreatic acinar cell. One study using AR42J cells showed that CCK, but not bombesin, strongly activates ERK [39] . Another study in AR42J cells showed that caerulein-induced IL-6 production may be regulated by ERK and the transcription factors NF B and activator protein-1 (AP-1) [40] . A study that used both isolated pancreatic acinar cells and AR42J cells showed that TNF-␣ -induced NF B activation can also be mediated by protein kinase C-␦ [41] . In dispersed pancreatic acini, the same group showed that CCK-8 and TNF-␣ initiate NF B activation by different PLC pathways that converge at the level of the protein kinase Cs (PKC-␦ and -) to mediate NF B activation [42] . A study investigating the effect of nicotine on AR42J cells showed that it activates ERK but not p38 or JNK [43] . Lysophosphatidylcholine, a phospholipid by-product generated by phospholipase A2, activated stress kinases (ERK, JNK, and p38) and increased the specific DNA-binding activity of NF B and AP-1 [44] . Carbachol, a cholinergic receptor agonist, activated ERK in AR42J cells [45] . These previous studies are in agreement with our strategy of using AR42J cells for pilot studies prior to performing more detailed studies in isolated pancreatic acinar cells or before embarking on extensive in vivo studies.
In summary, we have shown that duct ligation is associated with substantial increases in pancreatic JNK and ERK activation and IL-1 ␤ and IL-12 production. We have also shown that activation of JNK and ERK and increased IL-1 ␤ and IL-12 production after duct ligation are appreciably diminished by duodenal bile-pancreatic juice replacement. These results indicate that MAP kinase activation and increased cytokine production during the early phase after duct ligation are predominantly the result of acinar hyperstimulation following the enteral response to bile-pancreatic juice exclusion rather than purely from the mechanical effects of duct obstruction. These findings support our central hypothesis that bile-pancreatic juice exclusion from gut exacerbates cellular stress and acute inflammation in this experimental model of gallstone-induced acute pancreatitis. Our in vitro studies suggest that the pathogenesis may be mediated , in part, by ERK2 modulating CCK-or TNF-␣ -stimulated NF Bdependent gene expression in acinar cells.
